ABSTRACT.--Sibling aggression occurs in a wide variety of asynchronously hatching bird species. In some, •ights among siblings lead inevitably to death, in which case the benefits of winning are •lear. In species where sibling aggression is common but usually not fatal, the benefits gained by winning and the methods used to achieve them are less obvious. In many avian species, sibling aggression is not required for brood reduction, size and age differences being sufficient to enforce the starvation of the smallest sibs
and for a Japanese population of Cattle Egrets (Fujioka 1984 (Fujioka , 1985b . Great Egret senior nest mates obtain significantly larger shares of food than younger siblings by (1) gaining more frequent access to the food source (parent's bill), (2) obtaining larger bolus portions, and (3) monopolizing more boluses. Elder Great Egret chicks also intimidate junior sibs and cause them to miss many food offerings.
We studied intrabrood competition in Cattle Egrets. Our work parallels Fujioka's (1985b) descriptive study, which was complicated by variable brood sizes and small sample sizes. We used a single brood size, which allowed more robust statistical treatments. We provide new information on how aggression affects the relative feeding success among sibs by investigating the effects of aggression on the frequency of failed feeding attempts and the estimated amounts of food consumed by each chick. We propose the hypothesis that fighting is most intense between the two youngest sibs. broods were recorded on alternate days from the completion of hatching until all chicks had reached the age of at least 25 days. Only half the observation nests were watched each day (Ploger 1985) , but the "off-watch" half were checked visually from the blind every hour on the hour for signs of imminent fatalities (such as intense harassment of the c-chick). Detailed behavioral observations were terminated when one or more brood members died or disappeared, but we continued to monitor the fates of surviving brood members.
Records were kept of all feeds and sibling fights. A "fight" by definition began with the first pecking blow and ended when (1) one sib conceded by crouching or fleeing; (2) combatants ceased exchanging blows for 10 s or more; or (3) the struggle was interrupted by parental activities (e.g. feeding). A chick was considered to have conceded if it (1) left the nest; (2) hung its head over the nest rim; (3) moved to the nest rim; (4) fled but remained in the nest; (5) crouched on the nest floor; (6) averted its head; or (7) failed to retaliate after being struck. timeters based on the volume of water displaced by clay bolus models.
We estimated actual food amounts as well as bolus counts because these two variables can differ. Boluses varied in size and seldom were shared equally among sibs. Chick feeding success was assessed by total amounts ingested. The proportions of each bolus ingested by each sibling were estimated to the nearest 10%. A chick that gained an entire bolus was considered to have "monopolized" the bolus. We coded as "zero shares" (nothing ingested) cases where a chick (1) tried and failed to feed on a given bolus, (2) was absent from the nest, (3) appeared disinterested in the food, or (4) had recently been beaten by a sib until totally passive during a bolus presentation ("intimidated"; To assess causes of natural mortality, we censused 40 3-chick egret nests (including the 7 observation broods) during brief (5-10 s) visits every second night. Injured and freshly dead chicks were examined quickly for the extent and type of external damages. To minimize the risk that highly mobile chicks would flee the nest and become lost (e.g. see Blaker 1969 , Siegfried 1972 , Fujioka 1984 ), all censuses after chicks reached 1 week of age were conducted well after dark (2200-0100). Chicks that were approached by flashlight nearly always remained in their nests and could be identified without handling. When handling was necessary (e.g. to renew dye marks after 2 weeks), the target brood and other broods in the vicinity were covered temporarily with nest cloths (Thomas 1977) .
The causes of chick mortality were categorized as Because the fates of some nestlings could not be determined, we analyzed brood fates twice, once for all fates (including all broods) and once for known fates (i.e. only those broods for which fates of all chicks were deduced). Similarly, chick fates were analyzed separately for known-fate and all-fate categories (this category might include chicks with unknown fates). In the known-fate category, the sizes of the brood-and chick-fate samples appear to disagree because inclusion of chicks in these samples is based on different criteria; although 58 chick fates were known and thus included in the chick-fate sample, only 15 broods were included in the brood-fate sample, for which all sibs' fates had to be known.
Statistical analyses were performed using SAS ( Despite considerable variability among nests, the mean fights per day differed among individual pairs of combatants (fight dyads; Table  2 ; F2,u7 = 7.76 based on log-transformed data, P < 0.001), with b-c dyads fighting most often (Tukey-Kramer pairwise comparisons, P < 0.05, df = 117). B-c fights involved the fewest blows, but differences among dyads were not signifi- a Scissors are based on 96 observations (32 feeds/ sib rank).
• Chicks were often unsuccessful during attempts to feed, frequently because a sibling controlled access to the food by monopolizing entire boluses. Bolus monopolization differed significantly among sib ranks (Table 4; Occasionally, repeated beatings intimidated a sib completely (see Mock 1985). Such intimidations differed significantly among sibling ranks (Table 4 ; F2,2s2 = 3.69, P < 0.05). C-chicks were intimidated significantly more often than b-chicks (pairwise comparisons, P < 0.05, df = 12), but intimidation rates between the other two sibling-rank pairs were similar.
Temporary satiation also differed significantly among chick ranks (Table 4 ; F2,2s2 = 6.82, P < 0.01). A-chicks were satiated significantly more often than were c-chicks (Table 4; (Mock 1984b, 1985) . The prey-size hypothesis predicts sibling aggression where nestlings are fed on a diet of small food that they can monopolize. Cattle Egret aggression is consistent with this hypothesis: the study broods were fed mainly on Orthoptera (with a few small vertebrates) packed in discrete boluses readily monopolized by scissor feeding.
Although overall mortality was high, brood reduction was rare in this study. The behavioral disadvantages of c-chicks did not lead clearly to c-chick biased mortality in this sample. Strongly c-chick biased mortality may be com- The single siblicide case took a form not described previously for this species. After being deprived of food and beaten repeatedly by its siblings during its last three days in the nest, the victim entered a neighboring nest, where it may have been attempting to steal food (as was observed in numerous unmarked chicks). The chick was also evicted from that nest, how-ever, and vanished shortly thereafter. Once evicted, the survival chances of a wandering chick are probably quite low (Mock 1984a). Unmarked chicks that we observed scavenging underneath nests and kleptoparasitizing observation broods typically appeared to be starving and dying of exposure. They were frequently attacked by adults and stalked by Black-crowned Night-Herons. However, scavenging and kleptoparasitism sometimes may enable wandering Cattle Egret chicks to survive, as do wanderers of other bird species (Mock 1984b, Pierotti unpubl. data). Because wandering Cattle Egret chicks frequently bore the bloody marks of sibling persecution, we speculate that these chicks were evicted subordinates. Survival of such wanderers could reduce the fitness costs to parents and sibs of evicting a subordinate chick. We believe aggression among Cattle Egret nestlings helps seniors skew parental investment (here, food) toward senior sibs at the expense of the last-hatched sib. Because food may be insufficient for all sibs to thrive, the improved access to food gained by seniors through fighting may have lethal consequences for the last-hatched sib. We found that the penultimate chick was involved in a disproportionate share of the attacks on the youngest, which may be a tactic for the penultimate chick to ensure its own survival.
